Cefoperazone and cefoxitin concentrations were determined in serum and pelvic tissue samples obtained at various intervals after a 2-g intramuscular dose. These levels were determined in 59 women scheduled for elective abdominal hysterectomy. Concentrations were measured by a new high-pressure liquid chromatography method which correlated with the microbiological assay. The mean times (± standard deviation) of specimen collection were 188.5 ± 61 and 185.5 55 min for cefoperazone and cefoxitin, respectively. The mean serum levels (+ standard deviation) were 60.8 ± 18.0 and 14.6 ± 8.6 ptg/ml, respectively.
The efficacy of prophylactic antimicrobial agents in preventing major infection after abdominal hysterectomy is controversial (4) . The concentration of antimicrobial agents in serum and tissue is important and may be predictive of therapeutic success (5) .
Cefoperazone and cefoxitin are beta-lactam antibiotics with increased resistance to betalactamase activity. Both antimicrobial agents are active against most bacteria, but cefoperazone is not as resistant to beta-lactamase produced by Bacteroides fragilis as is cefoxitin (3, 8, 9, 11) .
Preoperatively, 59 women scheduled for elective abdominal hysterectomy were given 2 g of cefoperazone or cefoxitin intramuscularly. The serum and pelvic tissue concentrations were determined by a new high-pressure liquid chromatographic (HPLC) assay and by the microbiological bioassay method.
MATERIALS AND METHODS
Patients. Women entered into this study were scheduled for elective abdominal hysterectomy at Parkland Memorial Hospital, Dallas, Tex. Each gave signed informed consent and was assigned one of the two study drugs by a computer-generated randomization list. On call to the operating room, each woman received 2 g of either cefoperazone or cefoxitin in 0.5% lidocaine by deep intramuscular injection.
At the time of uterine excision, a blood sample was obtained, the time was noted, and the serum was separated and frozen at -20°C until assayed. The surgical specimens were evaluated immediately for malignancy, and after gross examination, approximately 3 g of fundal myometrium and lateral lower uterine segment at the area of insertion of the cardinal ligaments were obtained. A segment of fallopian tube approximately 1.5 cm in length was also obtained. All tissue samples were maintained at -20°C until assayed.
Microbiological methods. Concentrations of cefoperazone and cefoxitin in serum and tissue were measured by the agar diffusion technique (1, 7) . The test organism for cefoperazone was Escherichia coli ATCC 10536; for cefoxitin, it was Staphylococcus aureus MB 2786. All specimens were assayed in duplicate. Tissue samples were thawed, rinsed briefly in 0.10 M phosphate buffer (pH 6.0), blotted, and weighed. The specimens were covered with 10 ml of phosphate buffer per g of tissue and were homogenized with a tissue homogenizer (Polytron; Brinkmann Instruments Inc., Westbury, N.Y.). The homogenates were centrifuged for 10 min at 3,000 x g, and the supernatant was removed to a screw-capped test tube. All tissue supernatants were frozen at -20°C until assay. The tissue concentrations of cefoperazone and cefoxitin were corrected for blood contamination by using the cyanmethemoglobin colorimetric method (6) .
HPLC assay. Serum and tissue concentrations of both cefoperazone and cefoxitin were also determined by HPLC. The HPLC analysis was performed on 0. Standard curves were prepared for the serum assay by the addition of 1 to 50 ,ug of cefoperazone or cefoxitin to 0.5 ml of pooled normal human serum. Two spiked unknown serum specimens for each antimicrobial agent were included in the determination, and controls, standards, and patient specimens were extracted under identical conditions.
The standard curves for the tissue assays were prepared by the addition of 1 to 6 ,ug of either antibiotic to normal tissue extracts. With the volume dilution of the tissue extract, the standard curve breached the concentration of the antibiotic in the whole tissue. Unknown tissue controls were obtained by the addition of antibiotics to tissue after rinsing and weighing. Microgram quantities of stock solutions of the antibiotics were added by using a microliter syringe (The Hamilton Co., Reno, Nev.). The control tissues were then processed in the same way as the patient specimen. These control tissue extracts were then divided into portions and frozen at -20°C. When patient tissues were assayed, these extracts were thawed and processed by extraction by the same procedure.
Since the HPLC assay procedures for cefoperazone and cefoxitin have not been reported for this extraction procedure, between-batch and within-batch studies were determined throughout the course of the TABLE 3. Mean serum study. Normal human serum spiked with known quantities of these antibiotics were used to determine between-batch and within-batch reproducibility at least five times during the course of this investigation. Twenty-one of the serum and tissue specimens from patients treated with cefoxitin were assayed by both the HPLC and microbiological assay methods. Twenty-seven specimens were assayed by both methods for cefoperazone.
Normal human serum was also spiked with aminoglycosides, chloramphenicol, vancomycin, penicillins, cephalosporins, and theophylline to determine whether these drugs interfered with the HPLC assay. The drugs were added to the serum with a microliter syringe as described above.
Statistics. Statistical analysis of the between-batch and within-batch data was done by linear least-squares regression. The statistical analysis of the serum and tissue antibiotic concentrations was performed with the Mann-Whitney test.
RESULTS
The women in both antibiotic groups had clinical and surgical variables that were similar. Most were black and were admitted for elective surgical therapy of gynecological problems such as uterine leiomyomata, refractory dysfunctional bleeding, and chronic pelvic pain. Their mean and pelvic tissue concentrations of cefoperazone after a 2-g intramuscular dose Cefoperazone (sLg/ml or g ± SD)a age was 39, and their mean weight was 164 lb (ca. 74 kg). The mean uterine weight for both groups of women was 430 g. Chromatograms of cefoperazone and cefoxitin are shown in Fig. 1 . There was no interference observed in the procedure when specimens were spiked with aminoglycosides, chloramphenicol, vancomycin, other cephalosporins, penicilhins, or theophylline. Between-batch and withinbatch reproducibility studies for both antibiotics are shown in Tables 1 and 2 . The correlation coefficient for the comparison of the HPLC assay and the microbiological assay for both antibiotics was greater than 0.95. Comparable correlations were obtained in both serum and tissue. The sensitivity of each assay method for each antibiotic was equivalent in both serum and tissue.
The mean times (± standard deviation) of specimen collection after drug injections were 188.5 ± 61 and 185.5 ± 55 min, respectively, for cefoperazone and cefoxitin. Tables 3 and 4 show the concentrations of cefoperazone and cefoxitin in serum and pelvic tissue in 30-min increments. The mean serum levels (± standard deviation) reported in this study for cefoperazone and cefoxitin were 60.8 ± 18.0 and 14.6 ± 8.6 Fg/ml, respectively (P < 0.001). The mean pelvic tissue concentration of cefoperazone was 19.8 ,g/g, and for cefoxitin the mean pelvic tissue concentration was 7.8 p,g/g. The mean serum and tissue levels of cefoperazone were approximately three times those of cefoxitin (P < 0.001). Pelvic tissue levels from the three different anatomical sites did not vary significantly for either antibiotic. The mean serum to tissue concentration ratio for cefoxitin varied from 0.176 to 1.031, whereas the ratio of cefoperazone concentration in tissue and serum samples ranged from 0.220 to 0.469. The ratio for cefoperazone decreased with time, whereas the ratio for cefoxitin remained more constant. DISCUSSION After a 2-g injection, the ratio of serum to tissue concentration of cefoperazone was less variable than the ratio of cefoxitin. Throughout the range of time intervals, the ratio for cefoperazone was almost constant, whereas the ratio for cefoxitin varied and increased with time. Although cefoperazone levels in serum and pelvic tissue were much higher than those of cefoxitin, a larger portion of the cefoxitin remained in the tissues several hours after the injection.
The cefoxitin tissue levels reported here are approximately double those reported by Hemsell and associates (7) . We determined the cefoxitin levels by both HPLC and by the microbiological assay method. In our microbiological assay, we compared the results by using standards prepared in 0.1 M phosphate buffer and a buffer extract of pelvic tissue. The zone sizes of the standard curve prepared in tissue extract were 6 to 40% smaller than those prepared in the buffer solution. This difference in zone size is possibly the result of protein binding of the antibiotics in tissue combined with the assay dilution factor. This accounts for the lower pelvic tissue levels previously reported with standards prepared in phosphate buffer.
The serum and tissue levels in this study were determined by an HPLC assay method that employs a simple acetonitrile and then methylene chloride extraction procedure which has been used successfully in the determinations of other beta-lactam antibiotics (1, 2, 10) . The recovery of both cefoperazone and cefoxitin was 85 to 101.4% in spiked specimens, and the results correlated well with the microbiological assay. The procedure is simple and generates quantitative data within several hours after the specimens are received.
In summary, serum and tissue levels of cefoperazone and cefoxitin were determined through at least 4.5 h subsequent to a preoperative 2-g intramuscular dose in women undergoing abdominal hysterectomy. These levels were higher than the minimum inhibitory concentration for most bacterial pathogens sensitive to these antimicrobial agents. Cefoperazone serum and tissue concentrations were higher because the halftime of this antibiotic is twice that of cefoxitin.
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An HPLC method for cefoperazone and cefoxitin was developed that correlated well with the microbiological assay.
